









Single spin asymmetry of vector meson production
as a probe of asymmetry of parton scattering
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Abstract
Azymuthal asymmetry of vector-meson production in single-transversely polarized
proton-proton collisions (p"p) is calculated in the string model of particle production. The
asymmetry is generated only during fragmentation of a high-energy quark into hadrons.
The obtained asymmetry of the 

is opposite in sign to that of 

mesons. On the other
hand, the asymmetry appearing during parton scattering would contribute with the same
sign to that of vector and pseudoscalar mesons. Thus, a combined measurement of both
can be used to estimate the contribution from parton scattering.
* On leave from Institute of Physics, Jagellonian University, ul. Reymonta 4, PL-30-059
Krakow, Poland
Measurement of single transverse-spin azymuthal asymmetries of particle production
in p"p collisions can provide information about transversely polarized quark distributions
in the proton [1]. However, to extract information about the latter from the experimental
data, one has to know the mechanism generating the asymmetry. It has been shown
recently [2] that the asymmetries of pion production measured by the E704 experiment in
the forward region can be explained by the Collins eect [3], i.e. the asymmetry appearing
at the level of fragmentation of a transversely polarized high-energy quark into hadrons.
In Ref. [2] the string model was used to describe the fragmentation, and the polarization





production and negative for 
 
, resulting from upward (downward)
polarizations of the u (d) valence qark in the proton polarized upwards.
Dierent mechanisms leading to the azymuthal asymmetry are however possible.
Szwed has shown [5,6] that the asymmetry can appear due to double gluon exchange during
scattering of a quark on an external strong eld. This asymmetry vanishes at a suciently
high energy due to the chiral symmetry and the helicity conservation. Nevertheless, it can
be measurable at nite energies.
In this note we present a method of distinguishing between the two scenarios. We
calculate the asymmetry for vector mesons 

along the lines of Ref. [2]. This asymmetry
appears to be opposite in sign to that of pions. On the contrary, if the asymmetry were
determined at the hard or semi-hard scattering, like in the approach of Szwed, then the
asymmetries of pseudoscalar (PS) and vector (V) mesons would not dier strongly.
To be more precise, we consider the reaction:
p" + p! h+X; (1)
where " refers to the projectile proton polarized vertically upwards or parallelly to the y^







s of the center-of-mass longitudinal momentum and the transverse
momentum ~p
?
. In measurements of the asymmetry, the polarized cross-section d
"
is


















where d denotes the unpolarized cross-section. This denes the asymmetry A
N
.  is the
azymuthal angle of the transverse momentum ~p
?
of the hadron, measured with respect to
the x^ axis.
If one assumes factorization, the cross-section for the reaction (1) can be written









projectile and the target protons, the cross-section d^ for the parton scattering q + r !
q
0
+X and the fragmentation function D
h=q
0














































































is the polarization vector














































Theoretically, two extreme cases could be dened:
a) the asymmetry appears only in the fragmentation function as calculated in Ref. [2]. It








of the hadron h. This is the case of the high-
energy limit since any asymmetry appearing at the parton level (in d^) must vanish
in that region due to the chiral symmetry. In this case the asymmetry can depend on
whether h is a PS or a V meson.
b) the asymmetry appears only at the parton level or d^ depends on the azymuth '^ of
the parton scattering plane. It has been shown by Szwed in [5] that this mechanism
can lead to signicant asymmetries at the beam energy of the order of 10  20GeV
y
.




) is dened, the nal asymmetry does not depend
on whether h is a PS or a V meson. This, at high x
F





are close to each other since both mesons origin from fragmentation
of a u quark polarized equaly in both cases.
In the reality, one can expect a mixture of the two eects with the second one vanishing
at a suciently high energy.
We shall concentrate on the case a) and calculate the asymmetry of vector mesons
therein. For the case of pions, it was assumed in [2] that the cross-section for the reaction



















































with the subsequent terms being contributions from observing a leading hadron of a string
spanned by a quark comming from the projectile, a nonleading one of that string and a
nonleading particle of the string spanned by the remant projectile diquark (the leading
hadron of that string is a baryon). The asymmetry appears in the rst term:
y
In Ref. [5] the factorization-breaking recombination model of fragmentation was used.
Both the quark and the antiquark forming the produced meson origin there from the





























































































is the distribution of the transverse momentum of the antiquark q of the rank-one qq pair
produced in the string with  being the string tension. The production of the sublead-
ing hadrons (the second and the third term in Eq. (5)) are assumed to be azymuthally
symmetric. That two remaining terms have a form similar to Eq. (6); they have the non-
leading parts of the fragmentation function D
rank 2






































according to the Lund model prescription [4]. This causes the azymuthal asymmetry which












corresponding to the probability that q and q form a spin-singlet state. In (6) the factor
1
4
has been absorbed into the fragmentation function D
=q
.

























































































One can notice that here the asymetry is opposite in sign and smaller in magnitude than
that of the PS mesons. The factor
1
3
multiplying the asymmetry in (11) gets changed in
the nal result by the contributions (azymuthally symmetric) from the higher ranks and
from the diquark fragmentation in (5). It will be preserved only in the limit x
F
! 1, where




from (10) has also been absorbed into the fragmentation function in
(11). In the string model, the fragmentation functions for PS and V mesons contain
another factors compensating those in (9) and (10) so that the nal PS:V ratio becomes
1:1. They arise due to the larger mass of the V mesons. In any case, they do not inuence
the asymmetry since they appear equally in all the three terms in the cross-section (5).
In the calculation of the asymmetry we used the same parameters as in Ref. [2]. We
















intrinsic transverse momentum distribution was assumed to be the same as the tunneling
transverse momentum distribution (7) in the string. We used the string tension  =
0:17GeV
2
and the avour-abundance ratio in pair production was taken to be u : d :
s = 3 : 3 : 1. The used string splitting function was that of the Standard Lund model,
f(z) = (1 + C)(1   z)
C








is an appropriate avour factor [2]. As motivated by the
results of [2] and comparison to the data [8,9] we took the maximal possible polarizations









at x = 1.





production, at 200GeV beam momentum, compared to that of the charged pions coming
from the Ref. [2]. The pion data of the E704 collaboration [8] are also shown. The full and





momentum fraction x. They were chosen to be decreasing towards small x as x
2
and x,
respectively. These parametrizations gave in [2] the best agreement with x
F
-dependence
of the data. The p
?
cuts are the same for  mesons as for the pions and correspond to the
experimental ones. The asymmetry of the 
0
mesons is shown in Fig. 2 also compared to
that of 
0
and to the data [9]. The asymmetries are here smaller than in the case of the
charged mesons. Nevertheless, a measurement of 
0
can be easier.
















. It would be of large interest to verify this prediction experimentally.
This result is more general than the used model. One can expect such a ratio in any
model, where the asymmetry arises in fragmentation due to a correlation between the spin
and the transverse momentum of the antiquark accompanying the leading quark to form
the meson.
Violating this rule can be an indication of appearing of the Szwed eect [5,6] i.e.
signicant asymmetry in parton scattering. In that model, originally constructed to de-
scribe the polarization of hyperons  [6], the asymmetry of a transversely polarized quark





































are the mass, the initial and the nal momentum of the scattered quark
and k = j
~









characterizing the external strong eld. The sign of the asymmetry depends on the sign
of the constant C
S
in (13) or on whether the eld source is \quark-like" or \antiquark-
like". In the rst case C
S
is positive and the asymmetry A
q!q
0
negative, in the latter
C
S
is negative and A
q!q
0
positive. It would be interesting to see what the asymmetry is
in quark{gluon scattering which can dominate at very high x
F
. The formula (13) comes




> 1=3 would mean negative A
q!q
0
or scattering o a \quark-like" eld,
R
=
< 1=3 positive A
q!q
0
and \antiquark-like" eld. As explicitly seen from Eq. (13), at
suciently high energy (k m) the asymmetry of quark scattering vanishes. The energy
scale where it appears can be an interesting hint about the scale of the masses of partons
being scattered in a pp collision.
At smaller values of x
F





. This is due to
signicant contributions from the ranks higher than 1 (from both the quark and the diquark
string). In that region our calculation includes more assumptions and approximations. For
example, the asymmetry of the higher rank hadrons has not been taken into account.
One should note also that the proposed measurement would be possible only if the
asymmetry of  mesons were compared to that of directly produced pions (not coming
from decays of V mesons). If no such cuts were made (as is the case in the E704 data) the
method would have to be modied.
To summarize, we have calculated the single spin asymmetry of  meson production
in p"p collisions in the framework of Ref. [2], where the asymmetry of pions has been
obtained. The asymmetry was generated only in the fragmentation function. The two
asymmetries are found to by opposite in sign, the ratio of that of  to that of  being
-1/3 at x
F
! 1. Violating this rule can indicate to a signicant contribution from the
asymmetry of the transversely polarized parton subprocess.
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Figure captions
Fig. 1 Single spin asymmetry of charged  mesons compared to that of charged pions and
the E704 data [8].
Fig. 2 Asymmetries of neutral  and . The 
0
asymmetry data are from [9].
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